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ABSTRACT
Context. The stellar content of Galactic open clusters is gradually depleted during their evolution as a result of internal relaxation
and external interactions. The final residues of the long-term evolution of open clusters are called open cluster remnants. These are
sparsely populated structures that can barely be distinguished from the field.
Aims. We aimed to characterise and compare the dynamical states of a set of 16 objects catalogued as remnants or remnant candidates.
We employed parameters that are intimately associated with the dynamical evolution: age, limiting radius, stellar mass, and velocity
dispersion. The sample also includes 7 objects that are catalogued as dynamically evolved open clusters for comparison purposes.
Methods. We used photometric data from the 2MASS catalogue, proper motions and parallaxes from the GAIA DR2 catalogue, and
a decontamination algorithm that was applied to the three-dimensional astrometric space of proper motions and parallaxes (µα, µδ, $)
for stars in the objects’ areas. The luminosity and mass functions and total masses for most open cluster remnants are derived here for
the first time. Our analysis used predictions of N-body simulations to estimate the initial number of stars of the remnants from their
dissolution timescales.
Results. The investigated open cluster remnants present masses (M) and velocity dispersions (σv) within well-defined ranges: M
between ∼ 10 − 40 M and σv between ∼ 1 − 7 km s−1. Some objects in the remnant sample have a limiting radius Rlim . 2 pc,
which means that they are more compact than the investigated open clusters; other remnants have Rlim between ∼ 2 − 7 pc, which is
comparable to the open clusters. We suggest that cluster NGC 2180 (previously classified as an open cluster) is entering a remnant
evolutionary stage. In general, our clusters show signals of depletion of low-mass stars. This confirms their dynamically evolved
states.
Conclusions. We conclude that the open cluster remnants we studied are in fact remnants of initially very populous open clusters
(N0 ∼ 103 − 104 stars). The outcome of the long-term evolution is to bring the final residues of the open clusters to dynamical states
that are similar to each other, thus masking out the memory of the initial formation conditions of star clusters.
Key words. Open cluster remnants – Galactic open clusters
1. Introduction
Galactic open clusters (OCs) gradually lose their stellar con-
tent and eventually dissolve. Their evolution can be split into
three phases: (i) the first lasts for ∼ 3 Myr, during which the
cluster is embedded in its progenitor molecular cloud and stars
are still forming; (ii) the clusters that survive the early gas-
expulsion phase (e.g. supernova explosions and stellar winds)
and are largely gas free and their overall dynamics is domi-
nated by stellar mass loss (Portegies Zwart et al. 2007; Porte-
gies Zwart et al. 2010); and finally, (iii) the long-term evolu-
tionary phase (t & 100 Myr), when timescales for stellar mass
loss through stellar evolution are considerably longer than dy-
namical timescales and purely dynamical processes dominate
the evolution of the cluster. Internal and external forces (two-
body or higher-order interactions, interactions with the Galactic
? The appendix tables are only available in electronic form at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/
tidal field, collisions with molecular clouds, and disc shocking)
contribute to the decrease of total mass in the cluster (Pavani
et al. 2011; Pavani et al. 2001).
The final residue of an OC evolution is often called open
cluster remnant (OCR). Bica et al. (2001) assumed that a cluster
becomes significantly depopulated with a remnant appearence
after losing two-thirds of its initial stellar content. They also sug-
gested the acronym POCR (possible open cluster remnant) for
remnant candidates, that is, objects presenting significant num-
ber density contrast with respect to the general Galactic field,
but with dubious evolutionary sequences in colour-magnitude
diagrams (CMDs) due to large contamination by field stars. As
stated by Carraro et al. (2007), the application of the criterion
established by Bica et al. (2001) is quite straightforward in the
case of simulated clusters. On the other hand, this criterion is
difficult to use with real clusters, since a reliable estimate of the
initial number of stars is inaccessible from observations. In this
context, how can we objectively distinguish OCRs from well-
known OCs? The present work is a contribution in this sense. In
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addition to being heavily underpopulated in relation to the OCs,
the studied OCRs present compatible masses between them, they
tend to present larger velocity dispersions as a result of dynam-
ical internal heating, and they define a distinctive locus in the
plot of density versus limiting radius (Section 6.2). Additionally,
there is evidence that the currently observed OCRs are remnants
of initially very populous OCs (N0 ∼ 103 − 104 stars; Sect. 5.2).
Because of their physical nature, these objects are intrinsi-
cally sparsely populated. They typically consist of a few tens
of stars, but they have enough members to show evolutionary
sequences in CMDs. This was noted by Pavani et al. (2011) in
the cases of ESO 435-SC48 and ESO 324-SC15. They developed
a diagnostic tool to analyse CMDs of sparsely populated stel-
lar systems and verified that the evolutive sequences defined by
stars in the central regions of ESO 435-SC48 and ESO 324-SC15
are statistically distinguishable from their fields, thus classifying
them as true OCRs. Regarding star counts in the remnants’ inner
areas, Bica et al. (2001) analysed a list of 34 POCRs and ver-
ified that they exhibit significant overdensities compared to the
surrounding field and to Galactic model predictions. This is the
first step towards establishing the physical nature of an OCR.
Pavani & Bica (2007) analysed a sample of 18 POCRs and
devised a systematic method for characterizing such objects as
physical systems or field fluctuactions based on three criteria:
(a) radial density profile, (b) probability for the object CMD to
be representative of the offset field CMD, and (c) homogeneity
in the distribution of stars along CMDs sequences and number
of stars compatible with isochrones for single and binary stars.
Thirteen objects were classified by Pavani & Bica (2007) as gen-
uine OCRs. The remaining studied objects retained their status
as POCRs or were dismissed as coeval structures. The asymme-
tries and peaks observed in the OCRs proper motion histograms
revealed the presence of binary and/or multiple systems.
Some OCRs have been analysed from spectroscopic, photo-
metric, and proper motions data. This is the case of the sparsely
populated star cluster NGC 1901, projected against the Large
Magellanic Cloud NGC 1901. Carraro et al. (2007) studied its
stellar content and kinematics by employing photometry in the
UBVI pass-bands, proper motions from the UCAC2 catalogue
(Zacharias et al. 2004), and multi-epoch high-resolution spectro-
scopic data. Based on the coherence of the kinematical data and
considering the positions of each star in various photometric di-
agrams, they considered NGC 1901 a prototype of an OCR. The
physical nature of this cluster has also recently been confirmed
by Kos et al. (2018) by means of photometry and proper mo-
tions from the GAIA DR2 catalogue (Gaia Collaboration et al.
2018) and radial velocities from the Galactic Archeology with
HERMES (GALAH) survey (De Silva et al. 2015). Pavani et al.
(2003) investigated Ruprecht 3 by employing 2MASS JH pho-
tometry, proper motions from the Tycho-2 catalogue (Høg et al.
2000), and low-resolution spectroscopy. After applying a decon-
tamination algorithm on the object CMD in order to statistically
remove field stars, they selected probable member stars and ob-
tained basic parameters from isochrone fitting. The coherence
between the proper motions of the four brightest stars and the
spread of their derived spectral types along the red giant branch
were used as additional membership criteria. The authors pro-
posed that Ruprecht 3 is a genuine OCR.
N-body simulations of star clusters in an external poten-
tial show typical dissolution times in the range 500−2 500 Myr
(Portegies Zwart et al. 2001 and heferences therein). de La
Fuente Marcos (1998, hereafter M98) showed that the initial
number of stars in an OC is the main parameter determining its
lifetime for a given Galactocentric distance. The disruption times
predicted by M98 are comparable to those of Portegies Zwart
et al. (2001), whose simulations, differently from those of M98,
used a fixed Scalo (1986) initial mass function (IMF) and in-
cluded binary evolutionary effects. These numerical simulations
suggest that currently observable OCRs can be descendants of
initially rich OCs, containing as many as N0 ∼ 103 − 104 stars
when they were born.
Based on the N−body simulations of Baumgardt & Makino
(2003) for clusters in an external tidal field, Lamers et al. (2005a)
found that the cluster disruption time also depends on the local
ambient density of the host galaxy (their section 2). The final
stellar content of the remnant depends on the initial mass func-
tion and on the fraction of primordial binaries as well. As a con-
sequence of dynamical interactions (internal relaxation and the
action of the Galactic tidal field), remnants are expected to be bi-
ased towards stable dynamical configurations (binaries and long-
lived triples) and deficient in low-mass stars because of their
preferential evaporation and tidal stripping.
In this study we select a sample of objects catalogued as
OCRs or OCR candidates. Our main goal is to compare their
evolutionary stages by employing parameters that are intimately
associated with the dynamical evolution: age, limiting radius,
mass, and velocity dispersion. The masses of most of the OCRs
are estimated here for the first time. We also discuss our results
in the light of the expected properties predicted by N−body sim-
ulations. This study is a contribution towards clarifying the topic
of OCRs and providing observational constraints to evolutionary
models.
This paper is organized as follows: in Section 2 we present
our sample. In Section 3 we describe our method for deriving
cluster parameters. In Section 4 we present the results for the
whole sample. The results are discussed in Sections 5 and 6. In
Sect. 7 we summarise our conclusions.
2. Sample
The selected sample is composed of 16 objects catalogued as
OCRs or OCR candidates. Images for 6 of them (including
NGC 2180) are shown in Fig. 1. In this paper (see Section 5),
we propose that NGC 2180 is better classified as a remnant. Im-
ages of the remaining sample are shown in the appendix. We
adopt the same procedure throughout for other figures. Six ob-
jects, catalogued as OCs in advanced dynamical states, were also
included for comparison purposes. The complete set of param-
eters for the studied OCs is shown in Table 1. The columns list
the cluster name, Galactic (`, b) and equatorial (RA,DEC) co-
ordinates, distance from the Sun (d), Galactocentric distance
(RG), distance from the Galactic plane (ZG), age, limiting radius
(Rlim), photometric mass (Mphot), and velocity dispersion (σv).
For each target in Table 1, near-infrared (J, H, and Ks band)
photometric data from the 2MASS catalogue (Skrutskie et al.
2006) were extracted for stars inside a circular region, centered
in the cluster coordinates, with radius larger than five times the
literature limiting radius, when available. Otherwise, a visual es-
timate of the limiting radius was used to establish the field size
extraction. Magnitudes in J, H, and Ks were restricted to cut-
off values following the catalogue completeness limit according
to the Galactic coordinates1. Proper motions and parallaxes for
stars in these same regions were extracted from the GAIA DR2
catalogue. Data from both catalogues were extracted by means
of the Vizier Service 2.
1 http://www.astro.caltech.edu/∼jmc/2mass/v3/gp/analysis.html
2 http://vizier.u-strasbg.fr/viz-bin/VizieR
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Fig. 1. DSS2 R images of the OCRs (from top left to lower right) NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26. Image
sizes are 25′ × 25′, 3′ × 3′, 4′ × 4′, 10′ × 10′, 35′ × 35′ and 14′ × 14′, respectively. North is up and east to the left.
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3. Method
3.1. Determining the radial density profile and limiting radius
For each object listed in Table 1, a tentative central coordi-
nates redetermination was performed by employing spatial den-
sity profiles along RA and DEC. Peaks in these profiles were
adopted as first guesses for the central coordinates. Next, we
manually varied these coordinates looking for a radial density
profile (RDP) with a clear central stellar overdensity compared
to the mean background density. The RDPs were constructed by
counting the number of stars inside circular rings with variable
widths and dividing this number by the respective ring area. The
narrower rings are ideal for probing the central regions because
their stellar densities are higher, while the wider rings are better
suited to probing the external regions. This prevents either region
of the cluster from being undersampled (e.g. Maia et al. 2010).
The RDPs for six of our clusters are shown in Fig. 2. See
the appendix for the full sample plots. The insets in these figures
show the region selected for estimation of the mean background
densities (σsky, continuous lines) and their 1σ uncertainties (dot-
ted lines). In each case, the limiting radius (Rlim) is considered
as the radius from which the stellar densities tend to fluctuate
around σsky. The angular Rlim radii were converted into par-
sec using the distances (Table 1) derived from isochrone fitting
(Sect. 4).
Although the RDPs show a central stellar overdensity com-
pared to the background, we evaluated the statistical significance
of these density peaks compared to the number of stars counted
in a set of field samples randomly chosen around each object. A
real stellar aggregate is expected to exhibit a contrast compared
to the field, which is the first step to establishing its physical
nature (Bica et al. 2001).
To accomplish this, we devised an algorithm that is based on
the prescriptions detailed in Pavani et al. (2011). The procedure
consists of comparing the number of stars that are counted in the
central region of a given object (within Rlim) with that counted
in a set of field samples of the same area. Fig. 3 illustrates the
procedure for the OC NGC 2180. For a given Rlim, the distribu-
tion of Nfield/〈Nfield〉 is built, where Nfield is the number of stars
counted within each of the red circles in Fig. 3 and 〈Nfield〉 is
the average value taken over the whole ensemble. Then the ratio
Ncluster/〈Nfield〉 is evaluated, where Ncluster is the number of stars
counted in the cluster centre (black dots in Fig. 3), and the per-
centile corresponding to this ratio within the Nfield/〈Nfield〉 dis-
tribution is determined. This procedure is performed for a set of
radius values, thus allowing us to estimate the percentile as a
function of Rlim. Fluctuations around each test radius are taken
into account by repeating the algorithm ten times.
Fig. 4 shows the percentiles as a function of Rlim for six ob-
jects of our sample (Appendix A contains the plots for the full
sample). In all cases there is at least one percentile value above
90%, which reveals significant contrasts between the targets and
the field with respect to star counts in the neighbouring regions.
The percentiles tend to decrease as we take increasingly larger
Rlim , which is a result of the increasing field contamination.
3.2. Membership determination
Photometric and astrometric data from the 2MASS and GAIA
DR2 catalogues, respectively, were extracted for stars in circu-
lar regions, centred on each cluster, with radius r > 5 × Rlim.
Then we cross-matched the information from both catalogues in
these areas and executed a routine that evaluates the clustering of
stars in each part of the three-dimensional (3D) astrometric space
of proper motions and parallaxes (µα, µδ, $), assigning member-
ship likelihoods. The main assumption is to consider that cluster
members must be more tightly distributed than field stars be-
cause stars within a cluster are expected to be located at almost
the same distance and to share the same global movement, re-
gardless of their colours and luminosities (Cantat-Gaudin et al.
2018).
To ensure the quality of the astrometric information, we ap-
plied cuts to the GAIA DR2 data following equations 1 and 2 of
Arenou et al. (2018). Only stars restricted to these relations were
employed in the astrometric decontamination procedure. Addi-
tionally, we restricted our sample to stars with J ≤ 15.8 mag,
H ≤ 15.1 mag, and Ks ≤ 14.3 mag. These limits correspond to
the 99% completeness limit of the 2MASS catalogue. The pro-
cedure follows four steps, as described below.
Step 1
We divide the astrometric space in cells with widths propor-
tional to the sample mean uncertainties (〈∆µα〉, 〈∆µδ〉, 〈∆$〉):
cell widths are ∼ 10×〈∆µα〉,∼ 10×〈∆µδ〉 and ∼ 1×〈∆$〉. These
values translate into ∼1.0 mas.yr−1 and ∼0.1 mas for proper mo-
tion components and parallaxes, respectively. These cell dimen-
sions are large enough to accommodate a significant number of
stars, but small enough to detect local fluctuations in the stel-
lar density through the whole data domain. For all clusters, the
typical number of cells employed in the decontamination pro-
cedure was greater than 100. The search for member stars was
restricted to the limiting radius of each cluster. Stars for a com-
parison field were selected in a large external ring with an inter-
nal radius r > 3 × Rlim.
Step 2
In the second step, the algorithm verifies whether the group of
stars contained within a given 3D cell can be statistically dist-
inghuished from a sample of field stars in the same data domain.
To perform this verification, we followed a procedure analogous
to that adopted by Dias et al. (2012) and Dias et al. (2018),
and also employed by Angelo et al. (2017), in order to establish
membership likelihoods.
For each star selected in the cluster sample contained within
a given 3D cell, a membership likelihood (lstar) is computed ac-
cording to the relation:
lstar =
exp
[
− 12 (X − µ)T
∑−1(X − µ)]√
(2pi)3|∑| , (1)
where we employed the same notation as Dias et al. (2018): X
is the column vector (µαcos δ, µδ,$) containing the astromet-
ric information for a given star; σµα , σµδ and σ$ are calculated
through the quadrature sum of the individual errors with the in-
trinsic dispersion of each parameter for the sample of cluster
stars; µ is the mean column vector for the group of cluster stars
within the cell, that is, these means are defined locally in the pa-
rameter space. Consequently, this calculation takes into account
the three astrometric parameters simultaneously and provides a
combined membership likelihood, considering the measurement
uncertainties.
∑
is the full covariance matrix, which incorporates
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Fig. 2. Radial density profiles for the OCRs NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26. Symbols representing different
bin sizes are overplotted. For each cluster, the inset shows the region (dashed rectangle) selected for estimation of the mean background density
(σsky, continuous lines) and its 1σ uncertainty (dotted lines).
the uncertainties (σ) and their correlations (ρ) according to the
equation below:
∑
=
 σ
2
µα
σµασµδρµαµδ σµασ$ρµα$
σµασµδρµαµδ σ
2
µδ
σµδσ$ρµδ$
σµασ$ρµα$ σµδσ$ρµδ$ σ
2
$
 . (2)
The same calculation was then performed for the group of
field stars within the same cell in the parameter space, keeping
the dispersions as defined above, that is, relative to the mean
values for the group of cluster stars. The total likelihood for a
group of stars is given by L = ∏i li, from which we defined the
objective function
S = −logL. (3)
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Fig. 3. Sky map of NGC 2180. Stars with J ≤ 15.8, H ≤ 15.1, and Ks ≤
14.3 mag that are located within 1 degree of the central coordinates are
shown. Black circles represent stars within 10 arcmin. Other stars are
plotted as blue dots. Red circles illustrate a set of 100 randomly selected
field samples with radii equal to 10 arcmin.
We then verified the degree of similarity between the two groups
(cluster and field stars). Cluster stars within cells for which
S clu < S fld were flagged (“1") as possible cluster members (non-
member stars according to this criterion were flagged as “0").
The S function could be interpreted as analogous to the entropy
of this parameter space, representing the degree of spreadedness
of the data. Thus, lower S values indicate more clustered data.
Step 3
The third step of the procedure consists of obtaining the final
membership likelihood for each star (Lstar). We took cells that
contained stars flagged as “1" (i.e. member candidates), as de-
scribed in step 2 above, and evaluated an exponential factor of
the form
Lstar ∝ exp
(
−〈Nclu〉
Nclu
)
, (4)
where 〈Nclu〉 is the weighted average number of stars taken over
the whole set of cells for a grid configuration. This exponential
factor ensures that only stars contained in cells with Nclu consid-
erably greater than 〈Nclu〉 will receive appreciable membership
likelihoods, thus reducing the presence of outliers (i.e. small
groups of field stars with non-zero membership likelihoods) in
the final list of member stars.
Step 4
Cell sizes are then increased and decreased by one-third of their
mean sizes in each of the three axes and the complete proce-
dure (steps 1 to 3) is repeated. Therefore we have a total of 27
different grid configurations. Finally, the algorithm registers the
median of the 27 likelihood values (equation 4) computed for a
given star. The proportionality constant is obtained by taking the
complete sample of cluster stars and normalising the maximum
value of Lstar to 1.
The procedure outlined in this section helps in the search
for significant local overdensities in the (µα, µδ, $) space that
are statistically distinguishable from the distribution of field
stars, taking uncertainties into account. For verification pur-
poses, we employed this method to investigate two well-known
OCs: NGC 752 and NGC 188.
3.3. Method verification
The decontaminated CMDs are shown in Figure 5 for the OCs
NGC 752 (left panel) and NGC 188 (right panel). We fitted a
PARSEC isochrone (Bressan et al. 2012; [Fe/H] = 0.0 for
NGC 188 and [Fe/H] = 0.12 for NGC 752; see Table 1) to the
more probable members Lstar & 0.8 (equation 4) in order to de-
rive fundamental astrophysical parameters. Groups of stars with
high L values significantly contrast with the field and provide
useful constraints for isochrone fitting, although some interlop-
ers remain.
As a first guess for the distance modulus, we employed
(m − M)0=5× log(100/〈$〉), where 〈$(mas)〉 is the mean paral-
lax for the high-probability stars. Each isochrone was then red-
dened and vertically shifted using the extinction relations (Rieke
& Lebofsky 1985) AKS = 0.112 AV , A(J−KS ) = 0.17 AV , and
AV = 3.09 E(B − V) until the observed CMD features were
matched. Ages were estimated by fitting the brightest stars close
to the turnoff point, subgiant and giant stars.
Member stars are plotted in Figure 5 with filled symbols.
Additionally, we ran a photometric decontamination procedure
(fully described in Maia et al. 2010) using the same set of data
as before, in order to check for possible member stars without
astrometric information. For reference, the circled filled sym-
bols in Figure 5 represent members with photometric member-
ship likelihoods Lphot ≥ 0.1. The same holds for the other CMDs
presented in this paper (Figure 7). Open circles are non-member
stars and small black dots represent stars in a comparison field.
The top plots in Figure 6 show the vector-point diagrams
(VPDs) of NGC 752 (left panel) and NGC 188 (right panel); the
plots $ × Ks are shown in the bottom panels for the same OCs.
Member stars (larger filled circles) form conspicuous clumps in
the VPDs, present similar parallaxes, and define recognisable se-
quences in these OCs CMDs, as expected.
4. Results
The procedures described in Sections 3.2 and 3.3 were applied
to all clusters in our sample. The results are shown in Table 1.
Galactocentric distances (RG) were obtained assuming that the
Sun is located at 8.0 ± 0.5 kpc (Reid 1993) from the Galactic
centre. The CMDs, VPDs, and $ × Ks plots for six clusters
(NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-
SC26) are shown in Figures 7, 8, and 9. Results for other clus-
ters and the complete lists of members stars are shown in the
appendix.
4.1. Mass functions
Individual masses for member stars were derived by interpo-
lation in the theoretical isochrone, properly corrected for red-
dening and distance modulus (Figure 7; see the appendix for
other clusters), from the star Ks magnitude. Each cluster mass
function was constructed by counting the number of stars in-
side linear mass bins [φ(m) = dN/dm] and then converted into
the logarithmic scale. Star counts inside each bin were weighted
by the membership likelihoods (Section 3.2), and uncertainties
come from Poisson statistics. The results are shown in Figure 10.
The initial mass functions (IMF) of Salpeter (1955) and Kroupa
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Fig. 4. Average percentiles and associated 1σ uncertainties corresponding to the ratio Ncluster/〈Nfield〉 within the Nfield/〈Nfield〉 distribution for each
test radius. Dotted and dashed lines mark the 90th and 95th percentiles, respectively. The results are shown for the OCRs (from top left to lower
right) NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26.
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Article number, page 8 of 20
M. Angelo, J. Santos Jr., W. Corradi, F. Maia: Investigating dynamically evolved open clusters
−40 −20 0 20 40
µ_.cos b (mas.yr−1)
−60
−40
−20
0
20
µ
b (
m
as
.yr
−1
)
0.0 0.2 0.4 0.6 0.8 1.0
NGC 752
−20 −10 0 10 20
µ_.cos b (mas.yr−1)
−20
−10
0
10
20
µ
b (
m
as
.yr
−1
)
0.0 0.2 0.4 0.6 0.8 1.0
NGC 188
6 8 10 12 14
Ks (mag)
0
2
4
6
8
10
ϖ
 (
m
as
)
NGC 752
6 8 10 12 14
Ks (mag)
0
2
4
6
8
10
ϖ
 (
m
as
)
NGC 188
Fig. 6. Top panels: VPD for stars in the inner areas (r ≤ Rlim) of NGC 752 (left panel) and NGC 188 (right) panel. Stars in the comparison field
are plotted as small black dots. Symbols follow the same scheme as in Figure 5. The colour bars indicate membership likelihoods. Bottom panels:
$ × Ks plots for NGC 752 (left panel) and NGC 188 (right panel).
(2001) are shown, for comparison purposes. Both IMFs were
scaled according to the total photometric cluster mass.
In some cases (e.g. Lynga 8, Bica 5, Alessi 3, and
Ruprecht 31) the mass functions show depletion of main-
sequence stars, especially in fainter magnitude bins. This re-
sult should not be attributed to photometric incompleteness be-
cause we have restricted our data to stars for which J,H, and Ks
magnitudes are brighter than the 2MASS completeness limits.
This depletion may be a consequence of preferential low-mass
stars evaporation, which is a signature of dynamically evolved
OCs (de La Fuente Marcos 1997, hereafter M97; Portegies
Zwart et al. 2001). Other clusters (e.g. NGC 2180, NGC 7036,
ESO 426-SC26, and ESO 425-SC15) seem less severely de-
pleted because their mass functions are nearly compatible with
Salpeter and Kroupa mass functions, considering the 2MASS
limiting magnitudes.
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Fig. 7. Same as Figure 5, but for NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26. The black filled rectangle in the CMD of
Alessi 3 represents a star with no astrometric data in GAIA DR2, but with photometric membership likelihood (see Section 3.3) greater than 50%.
4.2. Non-existent clusters
Our original sample contained the OCR candidates NGC 1252,
NGC 7772, ESO 570-12, ESO 383-SC10, and ESO 065-SC03.
We found that these sparse stellar concentrations are not clusters
but are instead chance projections on the sky. Below we present
previous information found in the literature about these objects.
– NGC 1252 was studied by de la Fuente Marcos et al. (2013,
hereafter MMM13) by means of an investigation that
involved UBVI photometry, proper motions from the
Yale/San Juan SPM 4.0 catalogue (Girard et al. 2011), and
high-resolution spectroscopy of 13 stars. It was considered a
high-altitude metal-poor ∼ 3 Gyr cluster, located at ∼ 1 kpc
away from the Sun.
– Carraro (2002) investigated the object NGC 7772 by
employing multi-colour CMDs and colour-colour dia-
grams from UBVI photometry. The author proposed that
NGC 7772 is a strong low-mass star depleted cluster located
at 1.5 kpc away from the Sun and its age is 1.5 Gyr.
– Pavani & Bica (2007) employed 2MASS photometry and
proper motions from the UCAC4 (Zacharias et al. 2013)
catalogue in the study of the object ESO 383-SC10; it was
classified as a sparse OCR. They obtained 2.0 Gyr and
1.0 kpc for its age and heliocentric distance. In contrast
to their conclusions, Piatti (2017) employed multi-band
UBVRI and CT1T2 photometry, complemented with astro-
metric data from the GAIA DR1 (Gaia Collaboration et al.
2016) catalogue, to conclude that ESO 383-SC10 is not a
real stellar concentration. Similarly to ESO 383-SC10, in
the same paper Pavani & Bica (2007) evaluated the physical
nature of the OCR candidate ESO 570-SC12; the authors
considered it a 800 Myr loose remnant, located at 640 pc
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Fig. 8. Same as Figure 6, but for the OCRs NGC 2180, Lynga 8, and Bica 5.
away from the Sun.
– Joshi et al. (2015) investigated the case of the OCR can-
didated ESO 065-SC03; they employed multi-band CMDs
and CCDs based on photometric data from the WISE (Cutri
& et al. 2012) and 2MASS catalogues and proper motion
data from the SPM 4.0 and UCAC4 catalogues. The authors
estimated 562 Myr and 2.3 kpc for the object age and
heliocentric distance.
As shown in Figure 11, the high dispersion of the kinematic
data in these objects’ VPDs makes the hypothesis of gravitation-
ally bound systems unlikely, even considering stars with higher
membership likelihoods, after employing our decontamination
method. Using the method described in Section 6.1 to deter-
mine velocity dispersions (σv), we obtained σv in the range
13− 34 km.s−1 (the lower limit for ESO 065-SC03 and the up-
per limit for NGC 1252). These values of σv are considerably
higher than those determined for the sample of OCs and OCRs
(σv ∼ 1− 7 km.s−1; see Figure 16, left panel).
In the case of ESO 065-SC03, despite the apparent cluster-
ing of data around (µα, µδ)∼ (-7.0 , -1.0) km.s−1, even the more
probable members do not seem to form recognisable evolution-
ary sequences in the CMD (Figure 12), therefore we were unable
to fit a single isochrone to this object’s photometric data.
The three stars marked with open diamonds in the
NGC 1252 VPDs are member candidates identified by MMM13
(their table 4), based on spectroscopic and proper motions anal-
ysis. Their astrometric parameters pi (mas), µα (mas.yr−1)
and µδ(mas.yr−1) are (1.4967±0.0238, 6.441±0.045,
7.607±0.044), (1.0936±0.0207, 5.553±0.035, 11.251±0.033)
and (2.2619±0.0170, 13.013±0.032, 6.045±0.032). These stars
seem to follow the same general scatter of data as shown by
the higher membership stars according to our method, therefore
they do not exhibit any particular concentration in the VPD. In
addition, their parallaxes are incompatible.
In the case of NGC 7772, stars marked with open diamonds
are member stars according to Carraro (2002). These stars
present an even greater scatter in the VPD than our higher mem-
bership stars. In addition, the parallaxes of the stars in Carraro’s
(2002) sample range from ∼0.5−∼5.5 mas, which precludes the
hypothesis that these stars form a physical system. ESO 383-
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Fig. 9. Same as Figure 6, but for the OCRs NGC 7036, Alessi 3, and ESO 426-SC26.
SC10, ESO 570-SC12, and ESO 065-SC03 are not in any pub-
lished lists of member stars in the literature.
The scattering of data in the astrometric space led to the con-
clusion that the five objects present in this section are chance
alignment of stars along the line of sight. This is the same
conclusion as reported by Kos et al. (2018) for the cases of
NGC 1252 and NGC 7772; ESO 383-SC10 was also considered
as asterism by Piatti (2017). The set of astrometric and photo-
metric data for the highlighted stars in Figure 11 is shown in the
appendix.
5. Evaluating an evolutionary connection between
OCs and OCRs
5.1. Mass, age, and limiting radius
Comparisons between evolved OCs and remnants are use-
ful to establish possible evolutionary connections (Bonatto
et al. 2004, hereafter BBP04). In this sense, the parameters
shown in Table 1 were employed to compare the groups of (i)
dynamically evolved OCs and (ii) sparsely populated OCRs. The
dynamical state of each object is characterised by the parameters
age, limiting radius, and stellar mass. Velocity dispersions are
analysed in Sect. 6.1.
Fig. 13 shows a plot of mass versus age (left panel)
and the density versus critical density (ρ × ρcrit; right panel)
for our sample. We performed half-mass density estimations
(ρ= 3M/(8piR3hm)) by assuming an approximate relation Rhm ∼
0.5Rlim. Filled symbols represent OCs and open ones (including
crosses and asterisks) represent OCRs.
Older clusters among the dynamically evolved OCs tend
to present higher masses. Massive OCs tend to survive longer
against destructive effects such as Galactic tidal stripping and
evaporation due to dynamical internal relaxation. According to
N−body simulations (e.g. M97; Lamers et al. 2005a), there is
a strong dependence between cluster disruption time and initial
population size for a given Galactocentric distance. OCR masses
are confined to the interval ∼10−40 M (Fig. 13, left panel).
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Fig. 10. Observed mass functions for (from top left to lower right): NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26. For
comparison, the IMFs of Salpeter (1955, continuous black line) and Kroupa (2001, dashed red line) are shown.
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Fig. 11. Same as Figure 6, but for the asterisms NGC 1252, NGC 7772, ESO 383-SC10, ESO 570-SC12, and ESO 065-SC03. The diamonds
represent member stars taken from the literature (see text for details).
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Fig. 12. CMD Ks × (J − Ks) of the asterism ESO 065-SC03.
Most OCRs present density estimates that are greater than
ρcrit (Figure 13, right panel), the critical density for survival
against Galactic tidal disruption,
ρcrit ∼ Mclu
(4/3)piR3J
(5)
for a cluster completely filling its Roche lobe; we employed the
formulation of von Hoerner (1957) for the Jacobi radius (RJ)
determination
RJ =
(
Mclu
3 MG
)1/3
× RG, (6)
which assumes a circular orbit around a point mass galaxy
(MG∼1.0×1011 M; Carraro & Chiosi 1994; Bonatto et al. 2005;
Taylor et al. 2016). Equations 5 and 6 combined result in
ρcrit =
(
9
4pi
)
MG
R3G
, (7)
for which we employed the RG values of Table 1. NGC 1663
and ESO 435-SC48 present density estimates that are marginally
compatible with ρcrit, considering the uncertainties. Both OCRs
are currently far away from the Galactic plane (|Z| ∼ 1 kpc, see
Table 1). Despite their low densities, it is known that moving in
an inclined orbit increases the survival chances of a star cluster
(e.g. MMM13). Far away from the Galactic plane during most of
their dynamical evolution, NGC 1663 and ESO 435-SC48 may
have been able to relax their internal mass distribution in larger
limiting radii without completely dispersing their stellar content.
The evolved OCs present a lower limit of Rlim ∼ 3 pc (Figure
14), which may be a consequence of the Galactic tidal pull and
internal dynamical heating. The limiting radii of the OCRs do
not exhibit a trend with age. OCRs are divided into two groups
(see also Fig. 16, right panel): (a) the more compact OCRs, for
which Rlim ≤ 2 pc, and (b) the less compact OCRs, for which
2 < Rlim ≤ 7 pc. Values for group (a) are compatible with the
core radii (rc) obtained by M98 through N−body simulations for
clusters with initial populations of N0 ∼ 103 − 104 stars and
containing primordial binaries; the simulated clusters present
rc . 2 pc for log(t.yr−1)& 8.5 (his figures 2b and 2c). Consid-
ering the uncertainties, values for group (b) are comparable with
the half-mass radii (rhm) obtained by M98 for the N0 ∼ 104 sim-
ulated clusters, for which 3 . rhm . 5 pc for all ages (figure 2c
of M98).
Based on this comparison, it may be suggested that initially
massive clusters tend to leave only a compact structure as a
fossil residue of their evolution, with most of their stellar con-
tent dispersed into the field (BBP04 and references therein). Al-
though sparsely populated, the higher densities of these OCRs
apparently allowed them to keep their residual stellar content
throughout their dynamical evolution. As stated by M98, when
considering the solar neighbourhood, OCRs of initially mas-
sive (N0 ∼ 104) simulated clusters have stellar densities higher
than the local Galactic value (0.044 M pc−3) and higher than
0.08 M pc−3, the critical density value for a cluster to be stable
against tidal disruption in the solar neighbourhood, even when
the residual population is as low as 30 stars.
The cluster NGC 2180, previously catalogued as an OC
(Dias et al. 2002 and WEBDA3), may represent intermedi-
ate evolutionary states between OCs and OCRs. It is consis-
tently closer to the loci occupied by remnants in Figs. 13 (left
panel) and 16 (right panel, Section 6.2). This was also verified
by BBP04. It is enlightening to make a comparison between
NGC 2180 and NGC 1582. Both objects have marginally com-
parable ages, considering the uncertainties, and are located at
the same Galactocentric distance (Table 1). That is, both clusters
have been subjected to nearly the same external effects during
their evolution. Despite this, NGC 1582 is much more massive.
This comparison suggests that the differences in their dynamical
states may be traced back to their progenitor OCs. As stated by
BBP04, the lower-mass nature of NGC 2180 probably acceler-
ated its evolutionary timescale, setting it in a more dynamically
advanced state than NGC 1582.
Similar observations can be drawn for the pairs NGC 4337 -
NGC 6481, NGC 3680 - NGC 7036, and NGC 752 - NGC 3231.
For each of these three pairs, the OC and the OCR have compati-
ble ages and Galactocentric distances, considering the uncertain-
ties, but very different observed masses (mNGC 4337/mNGC 6481 
24, mNGC 3680/mNGC 7036  7, mNGC 752/mNGC 3231  14). Again,
these differences may be attributed to their parent OCs.
5.2. Comparison with N−body simulation results
Based on simulations for clusters in an external tidal field
(Baumgardt & Makino 2003), Lamers et al. (2005a) found an ap-
proximate dependence (their eq. 8) between the disruption time
(tdis), the initial cluster stellar mass (Mcl), and the local ambient
density (ρamb):
tdis ' 810 Myr
(
Mcl
104 M
)0.62 (
ρamb
M pc−3
)−1/2
. (8)
Assuming an initial mean stellar mass of 〈m〉= 0.54 M (Lamers
et al. 2005b), this equation converts to
tdis ' 553 Myr
( N0
104
)0.62 ( ρamb
M pc−3
)−1/2
, (9)
3 https://www.univie.ac.at/webda/
Article number, page 14 of 20
M. Angelo, J. Santos Jr., W. Corradi, F. Maia: Investigating dynamically evolved open clusters
M
as
s 
(M
O •
)
0 2 4 6 8
Age (Gyr)
10
100
1000
OCs
OCRs
-1.5 -1.0 -0.5 0.0
log ρcrit (MO • pc-3)
-2
-1
0
1
2
lo
g 
ρ 
(M
O •
 p
c-
3 )
NGC4337
NGC3680
NGC752
M67
NGC1582
NGC2180
NGC188
Lynga8
NGC6481
ESO324-15
Bica 5
NGC7036
NGC7193
NGC1901
Alessi3
ESO435-48
NGC3231
Ruprecht31
ESO425-15
ESO426-26
ESO425-6
Ruprecht3
NGC1663
Fig. 13. Mass vs. age (left panel) and density vs. critical density (right panel) for a set of 6 OCs, 16 OCRs and the transition object NGC 2180.
The dashed line shows the identity ρ = ρcrit. The set of OCs, OCRs and their respective symbols are shown in the right panel.
where N0 is the initial number of stars. Therefore, a cluster with
an initial number of stars N0 ∼ 105 and located in the solar neigh-
bourhood (heliocentric distance d . 1 kpc; mean gas and stel-
lar density ρamb = 0.10±0.01 M pc−3; Holmberg & Flynn 2000)
is expected to survive for about 10 Gyr, in agreement with Porte-
gies Zwart et al. (2010).
Based on this scaling,
tdis ∼ 10 Gyr
( N0
105
)0.62
, (10)
and assuming that our OCRs are indeed on the verge of complete
dissolution within the general Galactic field (i.e., ageOCRs ∼
tdis), we find that 8 OCRs (i.e., NGC 6481, ESO 324-SC15,
NGC 7036, NGC 7193, ESO 435-SC48, NGC 3231, ESO 425-
SC06 and NGC 1663) may have been as rich as N0 ∼ 104 stars
in the past. This result is in agreement with M98, whose sim-
ulations with N0 ∼ 104 stars are able to reproduce observable
quantities of open clusters (see his figure 2). We estimate that
the other 9 OCRs (i.e., Lynga 8, Bica 5, NGC 1901, Alessi 3,
Ruprecht 31, ESO 425-SC15, ESO 426-SC26, Ruprecht 3, and
NGC 2180; this last one included here as an OCR) may have
been as rich as N0 ∼ 103 when they were formed. These OCRs
have estimated ages in the range 0.4− 1.1 Gyr. This is consistent
with the results of M97, whose expected disruption times for
simulated clusters with an initial population of about 1 000 stars
(including primordial binaries) are in the range ∼ 0.5 − 1.1 Gyr,
depending on the assumed IMF (see his table 2). The evapora-
tion times predicted by M97 compare well with those obtained
by Portegies Zwart et al. (2001), whose simulated clusters with
N0 = 3 000 stars dissolve in ∼ 1 − 1.6 Gyr, depending on the
initial adopted density profile (see their table 10).
6. Comparison of OCR dynamical properties
6.1. Velocity dispersions
Proper motions from the GAIA DR2 catalogue were extracted
for each object member star. Then the distribution of projected
angular velocities (Vp =
√
µ2α cos2δ + µ2δ) was constructed as
shown in Fig. 15. Angular velocities (expressed in mas yr−1)
were converted into km s−1 using the distances in Table 1.
Firstly, following a procedure analogous to that of Cantat-
Gaudin et al. (2018), an iterative 2σ clipping exclusion routine
was applied to the data in Fig. 15 in order to identify peaks
that highly deviate from the sample means (hatched bins). As
stated by Bica & Bonatto (2005), highly discrepant peaks may
be mostly produced by unresolved multiple systems. Then the
dispersion of projected velocities (σvp ) of each “cleaned" his-
togram was determined. The uncertainties in the proper motions
were properly taken into account in the calculation of σvp by
means of the procedure described in section 5 of van Altena
(2013) and also in Sagar & Bhatt (1989). 3D velocity disper-
sions (σv) were then obtained from σvp assuming that velocity
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Fig. 15. Projected velocity distributions of member stars (Sect. 4). The hatched bins show stars that highly deviate from the samples means after
applying a sigma-clipping routine. Open histograms were employed to calculate σvp and σv. Poisson uncertainties are also shown. Histograms are
shown for NGC 2180, Lynga 8, Bica 5, NGC 7036, Alessi 3, and ESO 426-SC26.
components of stars relative to each object centre are isotropi-
cally distributed. With this approximation, σv =
√
3/2σvp . The
σv values for our objects are listed in the last column of Table 1.
Obtaining sample standard deviations σvp was preferred rather
than fitting Gaussians to the histogram peaks (as performed by
Bica & Bonatto 2005) because of the scarcity of stars in the case
of the OCRs, which precludes statistically significant fits.
6.2. Analysing the OCR evolutionary stages
In the left panel of Fig. 16, the derived dispersions σv are plot-
ted as a function of the stellar densities. The sample was divided
into three coloured age bins: t(Gyr)≤ 1.0 (red), 1.0< t(Gyr)≤ 3
(green), and t > 3 Gyr (blue). Typical σv values for the OCRs
are between ∼ 1 − 7 km s−1, as shown in the hatched histograms
in the bottom of the figure. This dispersion range is consistent
with the data presented by Cantat-Gaudin et al. (2018), who ob-
tained mean astrometric parameters for 128 clusters closer than
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defined by the OCRs and OCs, respectively. Clusters were divided into three age bins, as indicated.
about 2 kpc. By inverting the mean parallaxes and taking the
dispersions σµα and σµδ listed in their tables 1 and 2 for clusters
with nmembers ≤ 20 (to be consistent with the typical number of
member stars found in our OCRs sample), we derived velocity
dispersions (assuming isotropy) in the range ∼ 0.5−7 km.s−1 for
53 clusters of their sample. Numerical simulations for open clus-
ters containing a fraction of primordial binaries show that OCRs
are expected to be highly biased towards stable dynamical con-
figurations, containing binaries and long-lived triples, which in-
creases the cluster velocity dispersions. The total binary fraction
increases with time when the cluster population reaches values
lower than one-third of the initial (M97; M98).
The results shown in Figs. 13, 14, and 16 suggest that regard-
less of their densities and ages, clusters that are close to complete
disruption tend to present internal velocity dispersions, masses,
and limiting radii within reasonably well-defined ranges (σv be-
tween ∼ 1 − 7 km s−1, M between ∼ 10 − 40 M, Rlim . 2 pc
for the compact OCRs, and Rlim between ∼ 2 − 7 pc for the
less compact OCRs), that is, they are dynamically similar. These
results suggest that in the case of initially populous clusters
(N0 ∼ 103 − 104), the long-term evolution causes the clusters
to lose the memory of their initial forming conditions and reach
final (remnant) dynamical states that tend to be compatible with
each other.
In the right panel of Fig. 16, stellar densities are plotted
as a function of limiting radii. Because the OCRs have similar
masses, their ρ values follow a R−3 relation, as expected. The
dashed line represents a linear fitting for which
ρOCRs ∝ R (−3.0± 0.2). (11)
As we showed in Fig. 14, the Rlim of these objects do not show
any trend along the time, so that the data points are not age seg-
regated along the OCRs locus. The OCs occupy a different lo-
cus, for which a tentative fitting (continuous line) resulted in a
slightly different slope:
ρOCs ∝ R (−2.4± 0.4), (12)
which still compatible within the uncertainties with the char-
acteristic slope defined by the OCRs locus, however. A possi-
ble speculation regarding the reason of this similarity is that al-
though hugely different in terms of stellar content, the physical
processes (internal relaxation and Galactic tidal pull) that have
driven the dynamical evolution of both OCs and OCRs are sim-
ilar, which reinforces the evolutionary connection between both
populations. Despite this, the dependences expressed in eqs. 11
and 12 will be better constrained when the number of investi-
gated objects is larger.
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It could be argued that sparsely populated objects such as
OCRs should evaporate within a relatively short timescale (tevap),
proportional to the relaxation time
trelax ≈
(
0.1N
ln N
)
tcross, (13)
where N is the number of stars and tcross the time required
for a star to cross the cluster diameter (tcross ≈ 2Rlim/σv) and
tevap ≈ 140 trelax (Binney & Tremaine 2008). Taking into account
the number of members estimated for each of our OCRs together
with their Rlim and σv values, the resulting tevap are in the range
∼ 20 − 300 Myr. With such short timescales, it would be un-
likely that we observe such objects on their way to disruption.
Although this reasoning is quite correct in the case of OCs born
with just a few tens of stars (MMM13), currently observed OCRs
are the descendants of much more massive progenitors, therefore
such analysis based on the tevap cannot be applied to them. As
described previously, clusters with initial populations N0 in the
range ∼103 − 104 stars are expected to survive for much longer
timescales, as shown by N-body simulations. For instance, a par-
ticular simulation run by M98 starting with a cluster containing
10010 stars evolved to an OCR with 32 stars at an age of 5.4 Gyr.
7. Summary and concluding remarks
We have analysed the evolutionary stages of a set of 16 objects
previously catalogued as OCRs or POCRs. We have employed
parameters that are directly associated with dynamical evolution:
age, limiting radius, stellar mass, and velocity dispersion. A sam-
ple of 6 dynamically evolved OCs was also employed for com-
parison purposes. Here we suggest that the cluster NGC 2180,
previously classified as an OC, is better classified as an OCR.
Limiting radii were derived by means of the construction of
RDPs. Then we evaluated the contrast between each object and
its surrounding field regarding the number of stars counted in
the object inner area and within circular field samples that were
chosen randomly. In all cases there is at least one Rlim value for
which the associated percentile is above 90% (Fig. 4), which re-
veals a significant contrast with respect to the surrounding field.
Membership likelihoods were assigned to stars by means of
an algorithm that evaluates the overdensity of stars in each part
of the 3D astrometric parameters space (µα, µδ, $) relative to the
real dispersion of data of a comparison field. We identified evo-
lutionary sequences in the cluster Ks × (J − Ks) CMDs by taking
the more probable member star and fitted isochrones in order
to derive fundamental parameters. Photometric data for member
stars were employed to build mass functions and to determine to-
tal masses (M). We used proper motion data for these members
and derived velocity dispersions (σv), after applying a proper it-
erative exclusion routine.
The mass functions for many of our OCs and OCRs (Fig.
10) show signals of depletion of low main-sequence stars, which
may be a consequence of preferential low-mass star evapora-
tion. Other objects seem less severely depleted because their
mass functions present smaller deviations with respect to Kroupa
(2001) and Salpeter (1955) scaled IMFs. Differently from the
OCs, OCR masses do not exhibit a clear trend with age. Instead,
their masses are confined to the interval ∼ 10−40 M. The limit-
ing radii for our compact OCR sample are . 2 pc, which are sim-
ilar to the core radii obtained by M98 through N−body simula-
tions for clusters with initial populations N0 ∼ 103−104 stars and
containing primordial binaries. The less compact OCRs present
Rlim between ∼ 2 − 7 pc, which is comparable with the OCs and
with the half-mass radii (rhm) obtained by M98 for a N0 ∼ 104
simulated cluster. The estimated stellar densities of our OCRs
are typically greater than the critical density for a cluster to be
stable against Galactic tidal disruption.
Some of our OCRs present ages and Galactocentric dis-
tances that are similar to some of the OCs, as we showed
for the pairs NGC 4337−NGC 6481, NGC 3680−NGC 7036,
NGC 752−NGC 3231, and NGC 2180−NGC 1582. Although
these objects have been subject to nearly the same external tidal
fields, the OCRs are in a much more advanced dynamical stage
than the corresponding OC. This difference may be traced back
to their progenitor open clusters. We also verified that NGC 2180
is entering in a remnant evolutionary stage, consistently with the
interpretation of BBP04.
From the results of N−body simulations, we used an ap-
proximate scaling between disruption time and initial number
of stars. We suggest that currently observed OCRs are in fact
descendants of initially populous clusters containing N0 ∼ 103 −
104 stars. The velocity dispersions derived for our OCRs are typ-
ically in the range ∼ 1−7 km s−1. Thisσv range is consistent with
that found in the literature (Cantat-Gaudin et al. 2018) for other
objects of this same nature. As a consequence of the internal
relaxation, the fraction of binaries (either primordial or dynami-
cally formed) in the central parts of evolved clusters tend to in-
crease with time; indeed, binaries act as internal heating sources,
thus contributing to the increase in the velocity dispersions.
We conclude that clusters that are close to complete disrup-
tion tend to present masses, limiting radii, and internal veloc-
ity dispersions within reasonably well-defined ranges. We may
suggest that in the case of initially populous clusters (which sur-
vive the destructive effects of the initial evolutionary stages), the
outcome of the long-term evolution (which includes internal re-
laxation, external interactions due to the Galactic tidal field and
stochastic tidal effects, such as encounters with dense clouds and
disc shocking) is to bring the final residues of the OCs to dy-
namical states that are similar to each other, thus masking out
the memory of star clusters initial formation conditions.
Observational constraints to evolutionary models will be im-
proved as we increase the number of investigated OCRs, allow-
ing us to make more general conclusions about the dynamical
properties of these challenging objects. The study of the OCRs
is a subject of great interest because these objects are impor-
tant for our understanding of the formation and evolution of the
Galactic disc.
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